extract as electron donors. The end-products from glucose fermentation were acetate, propionate, succinate and CO 2 . Nitrate, nitrite, thiosulfate, elemental sulfur, sulfate and sulfite were not used as terminal electron acceptors. The predominant cellular fatty acids were anteiso-C 15 : 0 and iso-C 15 : 0 . The respiratory quinone was MK-6. The main polar lipids consisted of lipids, phospholipids, glycolipids, aminolipids, phosphoaminoglycolipids and phosphatidylethanolamine. The DNA G+C content was 35.0 mol%. Phylogenetic analysis of the small-subunit ribosomal 16S rRNA gene sequence indicated that KHALHBd91
T had Marinifilum fragile and Marinifilum flexuosum (phylum Bacteroidetes, class Bacteroidia, order Bacteroidales) as its closest relatives (similarity of 86.7 and 87.8 % respectively). The phylogenetic and physiological data fro the present study strongly indicate that the isolate represents a novel genus and species of a novel family, Balneicella halophila gen. nov., sp. nov., in the family Balneicellaceaefam. nov. The type strain is KHALHBd91 T (=DSM28579   T   =JCM19909   T ).
The phylum Bacteroidetes consists of three large classes of Gram-negative, non spore-forming, anaerobic or aerobic and rod-shaped bacteria that are widely distributed in the environment, including soils, sediments, sea waters and the gut and skin of animals: Bacteroidia, Flavobacteria and Sphingobacteriia (Krieg et al., 2011; Ludwig et al., 2011) .
The class Bacteroidia comprises a single order, Bacteroidales and eight families with family Marinifilaceae being recently described (Iino et al., 2014) . Within this latter family, only one genus (Marinifilum) represented by two species has been described so far. Ruvira et al., 2013) isolated from tidal flat sediment in Korea and coastal Mediterranean Sea water in Valencia, respectively. Both species are facultatively anaerobic, moderately halophilic, Gram-negative, filamentous bacteria having MK-7 as the predominant respiratory quinone.
This study describes a novel anaerobic member of the class Bacteroidia isolated from a moderately hot (45 C) Tunisian spring with species of the genus Marinifilum being its closest phylogenetic relatives. However, phylogenetic analysis based on 16S rRNA gene sequences revealed that this isolate was not affiliated with the family Marinifilaceae. Indeed, it had phenotypic and phylogenetic traits that allowed its assignment to a novel species of a novel genus within a nove family. (Widdel & Pfennig, 1981) and 1 ml 0.1 % resazurin.
The pH was adjusted to 7.2 with a 10 M KOH solution and the medium was boiled under a stream of O 2 -free N 2 gas and cooled to room temperature. Aliquots of 5 ml were dispensed into Hungate tubes, degassed under N 2 -CO 2 (80 : 20 v/v) and subsequently sterilized by autoclaving at 120 C for 20 min. Before inoculation, 0.1 ml 10 % (w/v) NaHCO 3 , 0.1 ml 2 % (w/v) Na 2 S.9H 2 O, 0.1 ml 150 g l
À1
MgCl 2 .6H 2 O and 0.1 ml 1M glucose were injected from sterile stock solutions into the tubes.
Enrichments were performed in Hungate tubes or serum bottles inoculated with 10 % dilutions of the water sample and incubated at 37 C. The culture was purified by repeated use of the Hungate roll tubes method, using agar solid medium (1.6 %) and transferred into liquid medium. The pH, temperature and NaCl concentration ranges for growth were determined using basal medium supplemented with 20 mM glucose as electron donor. The pH (from 5 to 9) of the culture medium was adjusted by injecting aliquots of anaerobic stock solution of 100 mM HCl (low pH), 10 % NaHCO 3 or Na 2 CO 3 (high pH) into Hungate tubes. Water baths were used for incubating bacterial cultures at temperatures from 15 to 60 C. NaCl requirement was determined by directly weighing NaCl in Hungate tubes before dispensing medium. Cultures were subcultured at least twice under the same experimental conditions before determination of growth rates.
The Gram-staining reaction, optical and electron microscopy and detection of the presence of spores were performed as previously described (Fardeau et al., 1997; Hamdi et al., 2015) .
Substrates (D-glucose, D-galactose, D-maltose, D-fructose, Dxylose, D-lactose, melibiose, D-mannose, mannitol, casamino acids, glycerol, starch, pyruvate, fumarate, lactate, succinate, methanol, H 2 /CO 2 and H 2 /CO 2 in the presence of acetate as carbon source) were injected from autoclaved stock solutions into Hungate tubes to a final concentration of 20 mM. Methanol was added to obtain a final concentration of 40 mM, casamino acids was added at a final concentration of 5 g l
. H 2 /CO 2 (80/20, v/v) with or without acetate (2 mM) was tested at 2 bars.
To test for electron acceptors, sodium thiosulfate (20 mM), sodium sulfate (20 mM), sodium sulfite (2 mM), elemental sulfur (10 g l À1 ), sodium nitrate (20 mM), sodium nitrite (2 mM), or sodium fumarate (1 M) were added to the medium.
Bacterial growth was monitored by measuring the increase in turbidity at 580 nm by insertion of Hungate tubes into the cuvette holder of a spectrophotometer (Cary 50, Varian). H 2 S production was determined photometrically as colloidal CuS following the method described by Cord-Ruwisch (1985) . End-products of metabolism were measured by HPLC after 2 weeks of incubation at 37 C (Fardeau et al., 1997) .
For fatty acid analysis, the biomass of KHALHBd91
T was standardized for its physiological age at the point of harvest according to Technical Note 101 of MIDI (http://www. microbialid.com/PDF/TechNote_101.pdf). Fatty acids extraction using the method of Miller (1982) with the modifications of Kuykendall et al. (1988) and analyses by gas chromatography (model 6890N, Agilent Technologies) using the Microbial Identification System (MIDI, Sherlock Version 6.1; database, TSBA40) were performed by the Identification Service of DSMZ (Braunschweig, Germany). DNA was isolated and purified by chromatography on hydroxyapatite using the procedure of Cashion et al. (1977) and the G+C content was determined at the DSMZ by using HPLC as described by Mesbah et al. (1989) . Analysis of respiratory quinones was carried out at DSMZ.
The extraction and purification of total DNA followed by the amplification and sequencing of 16S rRNA gene have been described previously (Khelifi et al., 2010) . The 16S rRNA gene sequence was then compared with available sequences in the Genbank database using the BLASTN search (Altschul et al., 1990) . A multiple alignment was generated using the MUSCLE program (Edgar, 2004) implemented in MEGA6 (Tamura et al., 2013) . Sequence positions with alignment uncertainty and gaps were omitted from the analysis. Evolutionary analyses based on the Kimura two-parameter model (Kimura, 1980) and the aximum-likelihood algorithm were conducted in MEGA6. Initial tree(s) for the heuristic search were obtained automatically by applying Neighbor-Join and BioNJ algorithms to a matrix of pairwise distances estimated using the Maximum Composite Likelihood (MCL) approach and then selecting the topology with superior log likelihood value. A discrete Gamma distribution was used to model evolutionary rate differences among sites [two categories (+G, parameter=1.1464)]. Neighbourjoining and maximum-parsimony algorithms were also used (not shown). The analysis involved 25 nucleotide sequences. There were a total of 1347 positions in the final dataset. Branch robustness of the resulting ML tree was estimated by the non-parametric bootstrap procedure implemented in MEGA6 (1000 replicates of the original dataset). The tree is drawn to scale, with branch lengths representing the number of substitutions per site (Fig. 1) .
A 0.5 ml aliquot of the hot spring water sample was inoculated into Hungate tubes containing 5 ml basal medium with 20 mM glucose as substrate. The tubes were incubated at 37 C. Growth was obtained after 2 days of incubation. The enrichment was subcultured several times under the same growth conditions prior to isolation. For isolation, the culture was serially diluted tenfold in roll tubes containing basal medium with agar (1.6 % w/v); several colonies developed after incubation at 37 C and they were picked separately in an anoxic glove box. The process of serial dilution was repeated several times until the isolates were deemed to be axenic. Several strains similar in morphology and phylogeny (>99 % similarity) were isolated. A strain designated KHALHBd91
T was selected and used for further physiological and metabolic characterization.
Colonies obtained in roll tubes were round and yellow. They were 0.5-1 mm in diameter after 2 days incubation at 37 C. KHALHBd91 T was a non-motile rod-shaped bacterium, occurring singly, approximately 0.5-2 µm in length and about 0.5-1.0 µm in diameter. (Fig. S1a , available in the online Supplementary Material). Cells stained Gram-negative. Sections for electron microscopy revealed a cell wall consisting of three thin layers (Fig. S1b) . Growth was also obtained after heat treatment of cultures at 80, 90 and 100 C for 10 and 20 min. Spores were not observed.
KHALHBd91
T was mesophilic and grew at temperatures ranging from 20 to 50 C, with an optimum at 37 C. The pH range for growth was 5.5-7.8, with an optimum at pH 7.0. The isolate required NaCl to grow, with an optimum at 2.5 % and could grow with up to 8.5 %.
T used glucose, galactose, maltose, lactate, fumarate, pyruvate and yeast extract as electron donors, but not casamino acids, methanol, succinate, mannitol, mannose, fructose, xylose, melibiose, lactose, glycerol, starch and H 2 / CO 2 , either in the presence or not of acetate as a carbon source. The end-products resulting from glucose metabolism
Alkalitalea saponilacus SC/BZ-SP2 T (HQ191474)

Natronoflexus pectinivorans AP1 T (GQ922844)
Geofilum rubicondum JAM-BA0501 T (AB362265)
Mangroviflexus xiamenensis P2 T (HQ697914)
Cytophaga xylanolytica DSM 6779 T (FR733683)
Marinilabilia salmonicolor NBRC 15948 T (AB517713)
Anaerophaga thermohalophila Fru22 T (AJ418048)
Thermophagus xiamenensis HS1 T (DQ517535)
Alkaliflexus imshenetskii Z-7010 T (AJ784993)
Carboxylicivirga mesophila MEBiC 07026 T (JQ672625)
Carboxylicivirga taeanensis MEBiC 08933 T (KF620113)
Saccharicrinis marinus Y11 T (KJ093446)
Saccharicrinis carchari SS12 T (JQ683776)
Saccharicrinis fermentans ATCC 19072 T (M58766)
Balneicella halophila KHALHBd91 T (LM999900)
Marinifilum flexuosum CECT 7448 T (HE613737)
Marinifilum fragile JC2469 T (FJ394546)
Draconibacterium orientale FH5 T (JQ683778)
Mariniphaga anaerophila Fu11-5 T (AB921558)
Prolixibacter bellariivorans JCM 13498 T (AB541983)
Mangrovibacterium diazotrophicum SCSIO N0430 T (JX983191)
Meniscus glaucopis ATCC 29398 T (GU269545)
Sunxiuqinia elliptica DQHS4 T (GQ200190)
Sunxiuqinia faeciviva JAM-BA0302 T (AB362263)
Bacteroides fragilis T and members of the families Marinifilaceae, Marinilabiliaceae and Prolixibacteraceae (Iino et al., 2014; Yang et al., 2014; Huang et al., 2014) . The tree was inferred by using the aximum-ikelihood method based on the Kimura twoparameter model (Kimura, 1980) . Bootstrap values (>50 %) (from 1000 replicates) are given to the left of each node. Filled circles indicate nodes recovered in trees reconstructed with all three algorithms, i.e. neighbour-joining, maximum-likelihood and maximum-parsimony analysis and open circles nodes recovered in trees created with two of the algorithms. Bar, 0.05 nucleotide substitutions per nucleotide position.
were acetate, propionate, succinate, CO 2 and H 2 (traces). Under optimal growth conditions on a glucose-containing medium, the growth rate was 5 h
À1
. KHALHBd91 T was anaerobic but tolerated O 2 up to 2 %.
The major cellular fatty acids present in KHALHBd91
T were anteiso-C 15 : 0 (33.2 %) and iso-C 15 : 0 (19.4 %) ( Table S1 ). The G+C content of genomic DNA of KHALHBd91 T was 35.0 mol%. The respiratory quinone was MK-6. The main polar lipids consisted of lipids, phospholipids, glycolipids, aminolipids, phosphoaminoglycolipids and phosphatidylethanolamine (Fig. S2) .
KHALHBd91
T has the species of the genus Marinifilum, M. fragile and M. flexuosum, family Marinifilaceae, class Bacteroidia as its closest phylogenetic relatives with 16S rRNA gene sequence similarities lower than 90 % (86.7 and 87.8 % respectively). Moreover, in contrast to the anaerobic KHALHBd91
T , both species of the genus Marinifilum have been reported to be facultatively anaerobic, and to contain iso-C 15 : 0 and MK-7 as the predominant fatty acid and respiratory quinone, respectively. For its part, KHALHBd91
T contains anteiso-C 15 : 0 as the major fatty acid and MK-6 as quinone. Further differences between species of the genus Marinifilum and KHALHBd91
T are reported in Table 1 . On the basis of phenotypic, phylogenetic and chemotaxonomic data, it is proposed that KHALHBd91 T should be classified as representing a novel species of a novel genus within a nove family Balneicellaceae, phylum Bacteroidetes, as Balneicella halophila gen. nov., sp. nov.
Description of Balneicella gen. nov.
Balneicella [Bal.ne.i.cel¢la. L. neut. n. balneum, a bath; L. fem. n. cella a store-room and in biology a cell; N.L. fem. n. Balneicella, a cell (bacterium) isolated from a bath].
Cells stain Gram-staining-negative. Non-motile, nonspore-forming, mesophilic rods with a fermentative and anaerobic type of metabolism. Quinones (MK-6) are detected and the major fatty acids are anteiso-C 15 : 0 and iso-C 15 : 0 . The major polar lipids are lipids, phospholipids, glycolipids, aminolipids, phosphoaminoglycolipids and phosphatidylethanolamine.
The type species is Balneicella halophila, a member of the family Balneicellaceae, phylum Bacteroidetes, class Bacteroidia, order Bacteroidales, according to 16S rRNA gene sequence analysis.
Description of Balneicella halophila gen. nov. sp. nov.
Balneicella halophila [ha.lo¢phi.la. Gr. n. hals halos, salt; N. L. fem. adj. phila (from Gr. fem. adj. philê), friend, loving; N.L. fem. adj. halophila, salt-loving].
Displays the following characteristics in addition to those listed in the genus description. Cells are approximately 0.5-2 µm in length and 0.5-1 µm in diameter, occurring singly. Colonies are round and yellow; about 0.5-1 mm in diameter after 2 days of incubation at 37 C. Growth occurs at 20-50 C (optimum, 37 C) and at pH 5.5-7.8 (optimum, pH 7.0) and NaCl concentrations between 0.5 and 8.5 % (optimum 2.5 %). Yeast extract is required for growth. Galactose, glucose, maltose, lactate, pyruvate, fumarate and yeast extract are used as electron donors, but casamino acids, methanol, succinate, mannitol, mannose, fructose, xylose, melibiose, lactose, glycerol, starch and H 2 /CO 2 are not. Sodium sulfate, sodium thiosulfate, elemental sulfur, sodium sulfite, sodium nitrate and sodium nitrite are not used as terminal electron acceptors. Fermentation products from glucose metabolism are acetate, propionate, succinate, CO 2 and H 2 (traces). In addition to the major fatty acids Description of Balneicellaceae fam. nov. Balneicellaceae Bal.ne.i.cel.la.ce¢ae. N.L. fem.n. Balneicella type genus of the family, N.L. suff.-aceae ending to denote a family, N.L. fem. pl. n. Balneicellaceae, the Balneicella family).
The family is defined on the basis of a phylogenetic tree reconstructed by phylogenetic analysis of the 16S rRNA gene sequence. The family accommodates the genus Balneicella. Gram-staining-negative, rod-shaped, non-sporulating, non-motile, anaerobic. The major respiratory quinone is MK-6. Fermentative and anaerobic metabolism. The type genus is Balneicella.
